Abstract We examined the relation between maternal smoking and adverse infant outcomes [low birth weight (LBW), and preterm birth (PTB)] during [2007][2008] in San Bernardino County, California-the largest county in the contiguous United States which has one of the highest rates of infant mortality in California. Using birth certificate data, we identified 1,430 mothers in 2007 and 1,355 in 2008 who smoked during pregnancy. We assessed the effect of never smoking and smoking cessation during pregnancy relative to smoking during pregnancy for the 1,843/1,798 LBW, and 3,480/3,238 PTB's recorded for 2007/2008, respectively. To describe the effect of quitting smoking during pregnancy, we calculated the exposure impact number for smoking during pregnancy. Major findings are: (1) relative to smoking during pregnancy, significantly lower risk of LBW among never smoking mothers [OR, year: 0.56, 2007; 0.54, 2008] and for smoking cessation during pregnancy [0.57, 2007; 0.72, 2008]; (2) relative to smoking during pregnancy, significantly lower risk of PTB was found for never smoking mothers [0.68, 2007; 0.68, 2008] and for smoking cessation during pregnancy [0.69, 2007; 0.69, 2008]; (3) an exposure impact assessment indicating each LBW or PTB outcome in the county could have been prevented either by at least 35 mothers quitting smoking during pregnancy or by 25 mothers being never smokers during pre-pregnancy. Our findings identify an important burden of adverse infant outcomes due to maternal smoking in San Bernardino County that can be effectively decreased by maternal smoking cessation.
Introduction
Among women in the United States, maternal cigarette smoking is one of the most important modifiable risk factors for adverse infant outcomes (e.g., low birth weight (LBW), preterm-birth (preterm), and sudden infant death syndrome (SIDS)) [1] [2] [3] . Although smoking rates among women have been decreasing in the United States, an estimated 22 % of women of reproductive age continued to smoke in 2006 [4] , and it is estimated that among current female smokers only 18-25 % quit smoking after recognition of their pregnancy (''The 2004 [5] united states surgeon general's report: the health consequences of smoking, '' 2004) . Since the inclusion of maternal smoking history on US birth certificates beginning in 2003, data from 24 states indicate that 9.7 % of birth mothers overall (15.5 % non-Hispanic white, 8.7 % nonHispanic Black, and 2.1 % Hispanic) smoked during pregnancy [6] . Furthermore, during 2000-2008, the prevalence of LBW infants increased from 7.6 to 8.2 %, while the prevalence of preterm also increased from 11.6 to 12.3 % [7] .
The aim of our study was to evaluate the impact of smoking cessation during pregnancy and non-smoking on the prevalence of adverse infant outcomes (LBW and preterm) in San Bernardino County (SBC), California. SBC is the largest county in the contiguous U.S. and is home to over 2 million residents. Rankings based on an analysis by the Robert Wood Johnson Foundation of 3,000 counties within the US place SBC at 45th (of 56) in California based on health outcomes, and 50th on health factors [8] . As of 2009, SBC experienced one of the highest rates of infant mortality [7. 5 deaths per 1,000 live births (''Vital statistics query system,'')], low-birth weight (7.1 % [10] ) and preterm births (11.5 % [10] ) in the state. When considering county-level resources to address the burden of adverse infant outcomes, it is noteworthy that SBC faces severe economic challenges from foreclosures [11] , municipal bankruptcy [12] , and a high prevalence of unemployment and working poor [8, 13] . Our specific aims were:
1. To describe the association between never-smoking and LBW or pre-term outcomes among SBC birth mothers, 2. To describe the association between smoking cessation at pregnancy recognition and LBW and pre-term births among SBC birth mothers, 3. To examine the public health impact (i.e., number of adverse birth outcomes avoided) of smoking cessation at pregnancy recognition among SBC birth mothers.
These aims provide immediate, usable data for allocating resources to prevent maternal smoking in the county and the region.
Methods

Data Source
As a part of demographic analyses for the National Children's Study, de- 
Maternal Smoking Assessment
California implemented the 2003 revision of the birth certificate in 2007, and has since collected data from mothers on the number of cigarettes or packs of cigarettes smoked before and during pregnancy. Four items are recorded representing the number of cigarettes used in the 3 months before, as well as the first, second, and third trimester of pregnancy. The information is recorded by the facility of birth based on information obtained from the mother; or, if the birth did not occur in a facility, is completed by the attendant or certifier based on information obtained from the mother. For our analysis, women who reported smoking any number of cigarettes during any trimester of pregnancy were considered ''smokers during pregnancy'' while those who smoked in the 3 months before pregnancy but not in any of the three trimesters were considered ''smoking cessation during pregnancy.''
Adverse Infant Outcomes
Of the adverse infant outcomes reported on birth certificates, our analysis examined low birth weight and pre-term birth. Although the birth certificate includes variables on complications of pregnancy and delivery that report low birth weight or pre-term birth outcomes, we wanted to use a standardized method of outcome assessment and thus specifically coded these outcomes based on the actual birth weight and length of gestation recorded at delivery. Those births with a birth weight under 2,500 grams were classified as ''low birth weight'' and those with a length of gestation under 37 weeks (259 days) were classified as ''pre-term birth'' based on the U.S. national reference for fetal growth [14] .
Statistical Analysis
Logistic Regression Analysis
To examine the relation between maternal smoking and adverse birth outcomes we conducted a multivariable logistic regression analysis. The outcome variables for the analysis were low birth weight and pre-term birth. The exposure variables were defined as indicators for smoking cessation during pregnancy, non-smoking (before or during pregnancy), and, as a referent, smoking during pregnancy. We constructed larger multivariable models by adding the following variables to the model and examining the change in exposure estimate: maternal age (0-\ 18, 18-34, and 35 years or older), mother's race/ethnicity (Hispanic, nonHispanic Asian/Pacific Islander, non-Hispanic black, Hispanic, non-Hispanic white, and other/multi-ethnic/notspecified), mother's years of education (0-8, 9-11, 12, 13-15, and 16 years or more), mother's use of WIC services (yes vs. no), trimester prenatal care began (none, first, second, or third trimester), and the principal payer for prenatal care. Since many of these variables measured dimensions of the same potential confounder (i.e., socioeconomic status), we constructed models with confounders of age and one additional covariate.
Exposure Impact Number
To examine how smoking cessation during pregnancy or non-smoking (before and during pregnancy) can alleviate the burden of adverse infant outcomes in SBC, we conducted analyses to measure the number of the adverse infant outcomes that could be prevented by non-smoking or by smoking cessation. We note here that, in clinical trials, the number needed to treat (NNT) is often used in univariate analyses to calculate the number of adverse events that could be avoided by treatment [15] . In prospective observational studies, however, NNT can be limited by the need to control for confounding when examining an exposure effect [16, 17] .
Therefore, to control for confounding when examining the effect of avoiding maternal smoking (i.e., by nonsmoking or smoking cessation) we calculated an exposure impact number (EIN) proposed by Bender et al. [16] . The EIN computes the number of events that could be avoided by removing an exposure and the estimate is based on an averaged risk difference (derived from a logistic regression model with exposure and confounders), where the risk difference for removal of exposure is averaged over the observed confounder values. Specifically, from the logistic model and expected risk difference (ERD) adjusted for confounders is given by,
where (x 1, …, x k ) represent binary or continuous confounders and p (x 1 …x k , z) represents the risk for the exposed (z = 1) and unexposed (z = 0) groups. An EIN is then given by 1/ERD. A confidence interval for the EIN is produced by the inverse of the variance estimator for the ARD given by B Á C Á B' where B is the vector of the coefficients from the logistic model and C is the covariance matrix. All analyses were performed using SAS version 9.3 (SAS Institute Inc, Cary, North Carolina). . Interestingly, mothers who began their prenatal care at any trimester had a significant reduction in risk for LBW and preterm births in either year observed compared to mothers who had no prenatal care whatsoever. Lack of insurance, and Medi-Cal as a primary payer for prenatal care showed increased risk for LBW and preterm outcomes when compared to those with a private insurance payer. Table 4 presents multivariable odds ratios relating maternal smoking to LBW and preterm outcomes, respectively, with adjustment for age and one additional covariate for 2007 and 2008. Non-smoking mothers showed substantially lower risk for LBW and preterm outcomes in each calendar year compared to those who smoked during pregnancy. In 2007, smoking cessation during pregnancy was associated with reduced risk for LBW when adjusting 
Results
There
Discussion
Our major findings are as follows: (1) relative to maternal smokers, a significantly lower risk of low birth weight was found for non-smoking mothers and for mothers who quit smoking during pregnancy; (2) relative to maternal smokers, a significantly lower risk of pre-term birth was found for non-smoking mothers and for mothers who quit smoking during pregnancy; (3) an exposure impact assessment indicating a single low birth-weight or pre-term birth in the county could be prevented either by 35 mothers quitting smoking during pregnancy or by 25 mothers being prepregnancy non-smokers. Our findings identify a strong etiologic link between maternal smoking and adverse infant outcomes (LBW, pre-term births) in San Bernardino County-an ethnically diverse county with high rates of adverse infant outcomes and health care resources severely limited by economic downturn. Our approach involved the use of novel methodology to provide an estimate of how many women are needed to quit smoking during pregnancy or avoid smoking pre-pregnancy (i.e., by cessation or lifetime never-smoking) in order to prevent adverse infant outcomes that are often costly in terms of extended stays in neonatal intensive care units (NICUs) [18, 19] and the long term, untold, deficits experienced by surviving infants [20, 21] .
Implications of Allocating Resources to Smoking Cessation Programs Designed for Pregnant Women
Our analysis indicated that one low birth weight or preterm birth outcome could be prevented either by 35 women quitting smoking during pregnancy or by 22 women quitting/avoiding smoking pre-pregnancy. These data immediately translate into modeling the effectiveness of existing programs and allocating limited resources to new programs.
One implication of our findings is that it is cost-effective to incorporate cessation services specific to all pregnant women in San Bernardino County. A cost-benefit/costeffectiveness analysis conducted by Marks et al. [18] found that a program offered to all pregnant smokers would shift 5,876 LBW infants to normal weight and would cost about $4,000 for each LBW infant prevented. Using the same parameters of their study ($30 per participant and 15 % of the participants would quit smoking), paired with the EIN values we estimated, we estimate that it would cost about $7,000 for each LBW or preterm infant prevented.
When considering the costs associated with NICU treatment, the costs of adverse infant outcomes far exceed the costs of smoking cessation efforts. For example, daily NICU costs exceeding $3,500 per infant are not uncommon [19] and in an analysis of 680 newborns from the Healthcare Cost and Utilization Project Kids Inpatient Discharge (HCUP-KIDs) data, LBW infants typically stayed for 228 days with average costs of $703,356 (SD $19,846) [19] . In the cost-benefit analysis mentioned previously, Marks et al. [18] estimated that smoking cessation programs would save $77,807,054, or $3.31 per $1 spent compared to the cost of treating LBW infants in a NICU. Even further, the ratio of savings to cost increase to more than six to one when they included long-term care for infants with disabilities secondary to LBW [18] .
A second implication of our findings is that San Bernardino County is lacking in smoking cessation efforts targeted towards pregnant women. The 2001 Surgeon General's Report on Women and Smoking stated that 20-25 % of women of lower socioeconomic status enrolled in intensive smoking cessation programs were successful in smoking cessation, but only a small proportion take advantage of such programs (2001). It could be the case that women are not taking advantage of these programs because of a lack of awareness, in which case allocating resources to promote these programs would help improve their utilization. Alternatively, there could also be a lack of program availability. This latter possibility seems to be the case in San Bernardino County. According to the California Smoker's Helpline, San Bernardino County currently has only one program, the Comprehensive Tobacco Treatment Program (CTTP), that offers smoking cessation services designed specifically for women. The expansion of smoking cessation programs specific to pregnant women or the inclusion of services specific to pregnant women among other existing cessation programs that do not address pregnant women could provide an avenue for substantial improvement not only in the number of women who quit during pregnancy but also in reducing the incidence of adverse infant outcomes.
Strengths and Limitations
To our knowledge, these are the first county-wide maternal tobacco use findings from San Bernardino County, one of the most diverse counties in the United States, and the first use of state birth certificates for this purpose. Furthermore, our findings not only confirm but also attempt to quantify the direct impact of prenatal smoking cessation on the prevention of adverse infant outcomes. Results of this study are not generalizable to the entire state of California or the country as a whole because they are not a random sample of all births. Additionally, these results may underestimate the prevalence of tobacco use during pregnancy because underreporting of cigarette smoking is higher among pregnant smokers than among non-pregnant smokers [22] .
Conclusion
We estimated that 35 women are needed to stop smoking during pregnancy to prevent one excess case of LBW or preterm birth in SBC. Our findings are concordant with the convincing data linking maternal smoking to LBW and preterm outcomes in the U.S. and our impact calculations provide immediate implications for allocating resources to maternal smoking cessation and prevention programs in a low resource county.
